Objective: This study was undertaken to define total long-term outcome achievable with invasive treatment, ie, endovascular or surgical, in patients with claudication with infrainguinal lesions. Priority in primary treatment was given to percutaneous transluminal angioplasty. Endovascular and surgical treatments have been used to treat lifestyle-limiting claudication when conservative therapy is inadequate. There are numerous reports on the outcome of both endovascular and surgical procedures in treatment of infrainguinal atherosclerotic lesions in patients with claudication.
Endovascular and surgical treatments have been used to treat lifestyle-limiting claudication when conservative therapy is inadequate. There are numerous reports on the outcome of both endovascular and surgical procedures in treatment of infrainguinal atherosclerotic lesions in patients with claudication. [1] [2] [3] [4] [5] [6] Each of these primary treatment options has benefits and disadvantages. 4, [6] [7] [8] [9] [10] [11] [12] [13] [14] The overall long-term outcome of invasive treatment of claudication remains unclear, because crossover from endovascular to surgical treatment or vice versa has been considered treatment failure and therefore an end point for follow-up in existing reports. It is important to define the outcome of individual procedures. However, in clinical practice endovascular and surgical treatments are often combined over time to achieve the best outcome, because percutaneous transluminal angioplasty (PTA) and surgery seem to be complementary rather than competitive therapeutic options. 13 Do the long-term results of invasive treatment with combined methods, when necessary, differ from those reported for a single method?
The goal of this retrospective analysis was to define the long-term outcome achievable in patients with claudication treated with invasive methods including both endovascular procedures and surgery. In our strategy for infrainguinal revascularization to treat claudication, the emphasis was on PTA. The role of crossover between endovascular and surgical treatments was examined over 8 to 12 years of follow-up. Patency rates, development of chronic critical ischemia (CCI) with subsequent amputation, and patient survival data are presented along with their determinants.
METHODS
This study was performed in a university hospital between January 1989 and May 2001. Primary procedures were performed between 1989 and 1992. PTA was used primarily if lesions were judged to be technically amenable to endovascular treatment at a joint meeting of interven-tional radiologists and vascular surgeons. In general these lesions had no heavy calcification, the length of stenosis was 20 cm or less, and length of occlusion was 15 cm or less. Proximal lesions suitable for endarterectomy or profundaplasty were treated surgically. Relative contraindications for surgery and absence of good quality saphenous vein favored use of PTA. Limbs in which previous infrainguinal revascularization procedures had been performed; those with CCI, defined as ischemic rest pain or tissue defect combined with ankle systolic pressure 50 mm Hg or less 15, 16 ; and limbs with main lesions in iliac vessels were excluded. Primary procedures were performed for accepted clinical indications in our hospital. Approval of the institutional ethical committee was obtained, and patients gave informed consent for participation in follow-up examinations during the study.
Patients were first seen by a vascular surgeon at the outpatient clinic. Ankle/brachial index (ABI) at rest was measured. A treadmill exercise test and digital subtraction angiography of the aorta and runoff vessels were routinely performed. Preoperative angiograms were used for scoring the limbs according to number of arteries with hemodynamically significant stenosis (Ͼ50% diameter stenosis). The theoretical maximum was 10 arteries, including vessels from the common iliac artery to the crural arteries. 17 Preoperative runoff was classified as good in limbs with two or three patent calf vessels (Ͻ50% stenosis of reference vessel diameter) and poor in limbs with no or one patent calf vessel. 18 Endovascular procedures were performed in an angiography suite. Lesions were routinely treated with a 5F conventional balloon angioplasty catheter with the aid of Glidewire (Terumo, Piscataway, NJ). Surgical techniques conformed to standard principles. Autologous vein was used in all bypass procedures if available. Primary failure refers to technical failure or to demonstrated loss of patency (ABI, duplex ultrasound scanning, angiography) in the treated segment or bypass graft 24 hours after the procedure. Primary failure data are included in outcome analyses. Complications were classified according to recommended reporting standards.
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Patient follow-up and long-term outcome. Follow-up examinations were performed at 1, 3, 6, and 12 months after primary PTA and routinely at 1 month after primary surgical treatment (PS). Patients who underwent primary endovascular treatment (PE) were examined yearly for up to 3 years, and additional visits for all patients were arranged according to clinical necessity. Extensive follow-up visits for all patients were made between 1997 and 1999. All follow-up visits included subjective history, clinical examination, and determination of ABI. Duplex ultrasound scanning or angiography was performed in patients with subjective or objective deterioration. Patient files were reviewed for the last time in June or July 2001. Number of total hospital days because of limb ischemia and number of hospitalization periods, including for diagnostic studies, were determined. Total outcome of invasive treatments of lower limb ischemia was compared with the preoperative condition according to Fontaine and Rutherford classifications. Information concerning repeat operations, hospitalizations, complications, treatment outcome, development of CCI, and amputation is considered complete because relevant patient data from other hospitals were also reviewed at the end of the study.
Patency rates were defined according to the current reporting standards 19 using either ABI, Duplex ultrasound scanning, or angiography. Limbs were considered lost to follow-up after the last date of objective proof of patency or limb salvage. Primary patency is uninterrupted patency at the treated segment or graft, with either no procedure performed or a similar endovascular or surgical procedure performed to treat disease progression beyond the treated segment or graft. If patency of the treated segment or graft was maintained or restored with a procedure similar to PE or PS, patency was considered secondary patency. Repeat reconstructions were not included in primary or secondary patency. Total patency is patency maintained at the primarily treated segment by means of any invasive endovascular or surgical procedure and includes limbs after potential crossover to another treatment group (PE to PS or vice versa) and all of their combinations. Therefore total patency reflects the ultimate achievable benefit of an invasive treatment method. Indications for reinterventions were objectively proved early recurrent obstruction, recurrence of subjective symptoms due to recurrent obstruction during follow-up, or development of CCI. Survival data are considered complete because Statistics Finland records all deaths of Finnish citizens.
Statistical analysis. Discrete variables in the study groups were analyzed with the Pearson 2 test. The MannWhitney U test and Student t test were used when appropriate for continuous variables. Sign test was used to compare Fontaine grade at the end of the study with preoperative grade. Stepwise multiple logistic regression analysis was used to test variables associated with CCI development. Survival analyses were constructed with the life table method. Sex, age, type of primary operation (PE or PS), hypertension, diabetes, hyperlipidemia, coronary artery disease, cerebrovascular disease, renal insufficiency, preoperative Fontaine classification, preoperative ABI, number of diseased vessels in the treated limb, main treated segment, total length of treated lesion, peripheral runoff, primary failure, medication during follow-up, and history of smoking were used as determinants in univariate analysis. The statistical difference between survival curves was determined with the Wilcoxon test. Variables that reached statistical difference (P Յ .05) were used as covariates in the stepwise Cox proportional hazards model. The level of significance for inclusion both in the logistic regression analysis and the Cox model was Ͻ .10, and for removal from the model it was Ͼ .15. Odds ratios and 95% confidence intervals (CI) were calculated for the significant determinants in Cox multiple regression analyses. Statistical analyses were performed with SPSS for Windows 9.0 (SPSS Inc, Chicago, Ill) statistical software.
RESULTS
The study population consisted of 233 consecutive patients (304 limbs) who underwent infrainguinal endovascular and/or surgical treatments of lifestyle-limiting claudication (absolute walking distance Ͻ100 m or manifest deficiency in occupational or recreational activities). Mean Ϯ SD value for absolute preoperative walking distance was 150 Ϯ 79 m, and for ABI it was .65 Ϯ .19. Patient data are given in Table I . PE was used in 272 limbs (89.5%), and PS was used in 32 limbs (10.5%). There were no statistically significant differences in preoperative risk factors (smoking habits, coronary artery disease, hypertension, diabetes, hyperlipidemia, cerebrovascular disease, renal insufficiency) or in number of diseased vessels, preoperative runoff, main treated segment, preoperative walking distance, or gender or age between the PE and PS groups. However, treated lesions were significantly longer in the PS group (Table II) .
After primary PTA, stenting was performed in two limbs and directional atherectomy in six limbs to make the primary angiographic result acceptable. The primary failure rate was 15.1% (n ϭ 46); all treatment failures were in the PE group. All primary bypass procedures were performed with either in situ or reversed autologous saphenous vein. Distal anastomosis was made to crural arteries only if more proximal vessels were not applicable. Distal anastomoses in the 24 primary bypass procedures included 3 above the knee (13%), 19 below the knee (79%), and 2 crural (8%). Endarterectomy or profundaplasty was performed in 8 limbs. All patients were advised to take acetylsalicylic acid (ASA; 250 mg) daily if there were no contraindications. Almost 4 of 5 patients (79.8%) used continuous ASA treatment. Another 6.9% received oral anticoagulation therapy because of other medical conditions. Clinical events. Mean duration of follow-up was 81 months (range, 1-146 months; median, 95 months), and there was no difference between the PE or PS groups. During the study 620 invasive procedures were performed because of lower limb ischemia in the 304 treated limbs (range, 1-10 per limb; mean, 2; median, 1). There was no statistically significant difference in total number of invasive procedures per limb between the PE and PS groups. Of the 316 repeated procedures, 52.8% (n ϭ 167) were endovascular and 47.2% (n ϭ 149) were surgical. The mean number of total hospital days because of lower limb ischemia was 8.5 (range, 1-64 days), and it was higher in the PS group than in the PE group (mean, 15.7 vs 7.7; median, 12 vs 4) (P Ͻ .0005). In the total population, mean number of hospitalizations was 2.7 (range, 1-10). There was no statistically significant difference in number of hospitalizations because of limb ischemia between the PE and PS groups.
Treatment paths and crossover in PE and PS groups are shown in Fig 1. No further operations were required during follow-up in 50.3% (n ϭ 153) of the treated limbs: 50.7% (n ϭ 138) in the PE group compared with 46.9% (n ϭ 15) in the PS group (difference not significant). The length of treated lesions (Յ10 cm vs Ͼ10 cm) was not associated with higher need for repeat operation in either the PE or PS group (P ϭ .19 and P ϭ .31, respectively).
Fontaine classification at the end of the study was statistically significantly better compared with the preoperative value in the total study population and in the PE and PS groups (all P values Յ .0005). The outcome in limbs with preoperative Fontaine class 2B was significantly better compared with the preoperative state (P Ͻ .0005; 71% improved, 21% remained stable, 8% deteriorated), whereas limbs with milder claudication (Fontaine class 2A) did not have a statistically significant benefit from invasive treatment (P ϭ .18). However, also in this subgroup more limbs demonstrated improvement than deterioration (35% improved, 42% remained stable, 23% deteriorated). The length of treated lesions and type of primary treatment were not determinants of late clinical outcome. Furthermore, limbs with treated lesions longer than 10 cm improved statistically significantly in both PE and PS groups, and there was no difference between the treatment groups (P ϭ .78). Improvement in Rutherford category was registered in 77.6% of treated limbs at the end of the study (Appendix I, online only).
Complications and 30-day mortality. Two minor complications (minor hemorrhage, bradycardia) and two major complications (pulmonary edema, retroperitoneal hematoma requiring operative treatment) were associated with diagnostic angiography. Fifteen minor complications (4.9% of treated limbs) and 36 major complications (11.8% of treated limbs) were associated with treatment. Major complications were attributed to endovascular treatment in Long-term success. At 1, 5, and 10 years, cumulative primary patency rates (Ϯ SEE) in the total study population were 51% Ϯ 3%, 27% Ϯ 3%, and 16% Ϯ 3%, respectively; secondary patency rates were 70% Ϯ 3%, 45% Ϯ 3%, and 27% Ϯ 3%; and total patency rates were 80% Ϯ 2%, 61% Ϯ 3%, and 41% Ϯ 4%, respectively (Fig 2; Appendix III, online only).
Among all tested variables, only type of primary procedure (PE vs PS) proved to be a statistically significant determinant of primary patency (P ϭ .003). At 1, 5, 8, and 10 years, primary patency rates (Ϯ SEE) in the PS group were 76% Ϯ 8%, 44% Ϯ 10%, 28% Ϯ 10%, and 17% Ϯ 11%; and in the PE group were 48% Ϯ 3%, 25% Ϯ 3%, 17% Ϯ 3%, and 16% Ϯ 3%. Length of treated lesions (Յ10 cm vs Ͼ10 cm) was not a statistically significant determinant of primary or total patency rate in the PE or PS groups. There was no difference in total patency rate between the PE and PS groups.
CCI and amputation. Altogether CCI developed in 37 limbs (12.2%), of which 41% (15 of 37) had been treated solely with endovascular methods. Hence the incidence of CCI development was 1.8% per year, and the time from the primary operation until the development of CCI was on average 61 months (range, 2-132 months). There were no statistically significant differences between the PE and PS groups. CCI developed in only one limb without repeat operation. Type II diabetes and hypertension were independent predictors of increased risk for CCI development (Table III) . There were 6 (2.0%) minor and 20 (6.6%) major amputations, including repeat amputations. Fourteen limbs (4.6%) were lost. Hence 38% of limbs in which CCI developed required major amputation. Altogether, 4.8% of limbs in the PE group and 3.1% of limbs in the PS group were lost (difference not significant).
Survival. One hundred eleven (47.6%) patients died. Cardiovascular disease was the most common cause of death (n ϭ 71, 64.0%). Cerebrovascular disease was the cause of 12 deaths (10.8%), and cancer was responsible for 13 deaths (11.7%). At 1, 5, 10, and 12 years, cumulative survival rate (Ϯ SEE) in the total study population was 97% Ϯ 1%, 82% Ϯ 2%, 54% Ϯ 3%, and 43% Ϯ 5%, respectively. According to stepwise Cox multiple regression analysis, patients with diabetes, cerebrovascular disease, renal insufficiency, and poor runoff had decreased survival (Table IV) .
DISCUSSION
Patients with claudication demonstrate statistically significant improvement in walking distance and ABI at 19 months after invasive treatment compared with conservative treatment. 20 In a prospective, randomized study, only invasive treatment (PS or PE) compared with supervised exercise training or observation improved circulation in patients with claudication at 1 year to an extent that led to functional improvement in walking ability and maximum exercise power. 21 However, Whyman et al 22 reported that patients with mild to moderate claudication treated with PTA had no statistically significant advantage in maximum walking distance or ABI over patients with medical treatment at 2 years. 22 In the present study, Fontaine classification was statistically significantly better at the end of mean follow-up of 6 years 9 months than before the primary intervention. Patients with severe claudication (preoperative Fontaine class 2B) exhibited a clear benefit. Moreover, among patients with less severe but lifestyle-limiting claudication (Fontaine 2A), only 23% deteriorated during follow-up. An 80% spontaneous improvement rate in claudication reported in the literature is based on historical series in which peripheral arterial occlusive disease was not objectively measured. In more recent series, the improvement rate has been about 62%. 23 The highest percentage of spontaneous recovery has been recorded in patients with mild symptoms. Our patients had severe (walking distance, Ͻ100 m) or lifestyle-limiting claudication that had not responded to conservative treatment.
In our treatment strategy the emphasis was on PE, which is in accord with the current consensus. Endovascu- 24 However, many of the lesions treated with PTA in this study were longer than the current recommendations suggest for endovascular treatment. It has been suggested that the range of lesions treated with PTA should be extended to include limbs with more extensive femoropopliteal disease. 25 Preoperative risk factors and lesion profiles were similar in the PE and PS groups despite the length of treated segments, which were longer in the PS group.
Patients who undergo infrainguinal revascularization because of claudication may require endovascular or surgical repeat operations over time because of restenosis, occlusion of the bypass graft, or disease progression at a new arterial site. Revision of vein graft stenosis with PTA in focal lesions or with surgical methods in more extensive cases has been associated with good results. 26, 27 If a surgical bypass graft is required later after PTA, the nature of the graft is unchanged by the preceding procedure. 28 In this study, almost half of all treated limbs required further invasive treatment. Only 10.5% of the primary procedures, but as many as 47.2% of repeat procedures, were surgical. On average, there were 2 invasive procedures per limb. In a previous study of infrainguinal bypass grafting with a maximum follow-up of 5 years, the average number of procedures was 1.8 per limb. 29 In that study, 30% of primary grafts, excluding early repeat operations, required repeat intervention. In a study with mean follow-up of 2.1 years, 19% of the limbs in which surgical revascularization had been performed required vascular repeat operations. 30 Crossover between endovascular and surgical treatment has been reported in 16% of limbs during a follow-up of 19 months. 20 In our study, crossover was required in 21% of limbs, with similar numbers in the PE and PS groups. The length of treated lesions did not predict need for repeat operation in either the PE or the PS group.
To our knowledge, total long-term patency rates for both endovascular and surgical methods have not been reported previously. In endovascular series, secondary patency rates have been reported relatively seldom and have included only repeated endovascular treatments and not repeated surgeries. 4, 5, [31] [32] [33] Total patency rates were clearly superior to primary and secondary patency rates. The use of combined invasive treatments, when necessary, produced total patency rates 1.6 to 3.0 times higher than primary patency rates and 1.1 to 1.7 times higher than secondary patency rates. It should be noted that the repeat operation policy for patients with claudication was conservative at our hospital. Repeat operations were performed only in cases of objectively proved early recurrent obstruction, recurrence of subjective symptoms due to recurrent obstruction during follow-up, or development of CCI. If repeat operations had been performed in cases of objectively proved but asymptomatic recurrent obstruction, the total patency rates could have been higher. There was no difference in total patency rate between the PE and PS groups.
According to the literature, the natural progression of claudication to CCI in untreated populations has previously been 4.5% per year. 34 In some patients with claudication CCI develops despite invasive treatment. In our patients, progression to CCI was 1.8% per year, with CCI developing during follow-up in 12.2% of limbs. It seems that invasive treatment of claudication prevents development of CCI over the long term or at least delays it. Invasive treatment of claudication reduces the deterioration of atherosclerotic lesions more than does conservative treatment. 22 Patients with diabetes or hypertension are at increased risk for CCI.
The limitations of this study are lack of a conservatively treated control population, its partly retrospective nature, and the small number of patients in the PS group. However, the statistical analyses performed were appropriate, and standard errors were within acceptable limits. Because of the study design and the small number of limbs in the PS group, comparisons between the PE and PS groups are not completely firm. Sixty-five limbs were lost to follow-up for objective patency, but the duration of follow-up needs to be borne in mind here. The relatively short study period with a long follow-up facilitates assessment of frequency of repeat operations and development of CCI more reliably than if more contemporary cases were included. Although endovascular options have increased since the primary procedures in this study were performed, standard femoropopliteal PTA is still the most often used method for treatment of claudication, as it was when the primary procedures were performed. The concept of total patency is new. All accessible invasive methods have been accepted as maintaining total patency and infrainguinal circulation. The most important goals in invasive treatment of claudication are to minimize symptoms, prevent development of CCI by keeping the diseased infrainguinal segments patent, and treat potential new lesions with clinical significance.
We conclude that combining endovascular and surgical methods when necessary during follow-up improved the long-term total outcome in invasive infrainguinal treatment of claudication. Crossover between endovascular and surgical treatment was required in 21% of limbs over the long-term, regardless of the type of primary procedure. On the basis of our results, selected lesions longer than 10 cm also seem suitable for primary PTA in patients with claudication. secondary, and total patency rates* 
